competition from the petrochemical industry. The current oil crisis, -however, might revive interest in the synthesis of 1,3-butadiene from 2,3-butanediol prepared by fermentation. Data are presented here regarding the substrate effect on acetoin production by two high-yielding microbial species.
(This work is taken in part from a Ph.D. thesis submitted to Panjab University by N.K.Y.) MATERIALS AND METHODS Organisms. A total of 150 yeasts and bacteria were screened for acetoin production during growth in a medium (GYP) containing 1% glucose and 0.5% each yeast extract and peptone (pH 5.8) at 30 + 1 C for 1 week in stationary culture. Acetoin production was determined daily using Barritt's reagents. To 1.0 ml of culture broth, 0.5 ml each of 6% alcoholic a-naphthol and 16% aqueous KOH was added and mixed thoroughly. The cultures responding positively within 5 min were grown in shaken flasks (240 rpm) again for 1 week, and the amount of acetoin produced was determined daily. Torulopsis colliculosa NRRL 172, obtained from L. Wickerham, Northern Utilization and Development Division, U.S. Department of Agriculture, Peoria, Ill., and Enterobacter B-87 (ATCC 27613), isolated by us from riverbed soil, were selected as the high-yielding species. They were maintained on GYP agar slants at 5 C and transferred quarterly.
Fermentation. Various substrates were tested for acetoin production in broth containing 0.5% each yeast extract and peptone. The media (50 ml/250-ml Erlenmeyer flask) were sterilized, inoculated with 1% inocula of selected strains, and incubated on a rotary shaker at 240 rpm. Fermentation time and temperature are given in the tables and figures. Estimation of growth. Growth was determined by measuring absorbance at 600 nm with a Bausch and Lomb Spectronic 20 spectrophotometer. Cell mass (milligrams per milliliter) was determined from a correlation curve relating absorbance to dry weight.
Diacetyl reductase assay. Cell-free extracts of the organisms were prepared by grinding the washed cells for 15 min in a chilled mortar with three times their wet weight of Pyrex glass powder, followed by extraction with cold phosphate buffer (0.1 M, pH 5.8) and centrifugation at 20,200 x g in a refrigerated centrifuge for 30 min. Diacetyl reductase activity was determined according to Seitz et al. (10) . The test system for T. colliculosa 172 contained 8.5 mg, and that for Enterobacter B-87 contained 5 .0 mg, of enzyme protein, in addition to 10 Amol each of reduced nicotinamide adenine dinucleotide and diacetyl in 3.0 ml of phosphate buffer. Diacetyl was omitted from the controls.
Analytical procedures. Protein was determined by the biuret method (2), reducing sugars by the Somogyi method (11), and acetoin by the Westerfeld method (12).
Chemicals. All chemicals were obtained from commercial sources and were of analytical grade.
RESULTS AND DISCUSSION
Substrates for acetoin production. Gur, cane molasses, glucose, and sucrose supported the best growth and acetoin production by the species (Table 1) .
Inulin, maltose, and mannitol in the case of T. colliculosa 172, and glycerol, lactose, and maltose in the case of Enterobacter B-87, supported good growth but little acetoin produc- (5, 9) . This effect did not occur in the present study with Enterobacter sp. When increasing concentrations of lactose were added to a constant concentration (1%) of glucose, production of acetoin decreased in spite of increase in growth (Fig.  1A) . Increasing the glucose concentration in the presence of 1% lactose had the reverse effect (Fig. 1B) .
Effect of substrate concentration and intermittent feeding of substrate. Acetoin production by the organisms increased with increases in glucose concentration (Table 2 ). Ten percent glucose was optimum for T. colliculosa 172, and 1 to 2% glucose was optimum for Enterobacter sp. In subsequent studies, these optimum glucose concentrations were used.
Although acetoin production was a function of substrate corncentration, intermittent feeding of glucose, as suggested by Button et al. (3), failed to increase the production (Fig. 2) . Both species produced diacetyl reductase, which accounts for the decrease in acetoin titer towards the end of the fermentation. Effect of organic nutrients and growth factors. Both organisms required yeast extract and peptone for maximum production of acetoin (Table 3) . Casamino Acids (Difco) and malt extract were slightly stimulatory at a 1 to 2% concentration. Nicotinic acid, biotin, and riboflavin enhanced acetoin production by Enterobacter sp. by 25% at 10 to 20 Ag/ml in a glucosephosphate medium. The yields (36 to 46 mg/g of initial glucose) were, however, far lower than that obtained in the presence of 0.5% yeast extract (344 mg/g). Lee (6) recommended yeast extract to improve acetoin and 2,3-butanediol production from molasses and wheat mashes by fermentation. Both yeast extract and peptone are rich in nutrilites and minerals (1) and ap- pear to help the organisms grow and utilize more substrate (Table 3) .
